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ABSTRACT OF THE DISCLOSURE

Compositions, particularly effective in the treatment of
burns, are prepared from water-soluble silver salts and,
as a matrix therefor, aqueous gels of certain polyoxyeth-
ylene polyoxypropylene block copolymers.

This application is a continuation-in-part of copending
U.S. patent application Ser. No. 580,204, filed Sept. 19,
1966.

The present invention relates to aqueous gel composi-
tions containing silver ions. More particularly, the inven-
tion relates to compositions prepared from aqueous gels
of certajin polyoxyethylene polyoxypropylene block co-
polymers as a matrix for silver ions.

The treatment of burns with silver ion solutions is well
known in the art as evidenced by Moyer et al., Arch.
Surg., 90, June 1965. Briefly, the known treatment of
burns comprises applying a solution of silver nitrate to
a burn wound. Because this treatment involves liquid
solutions, it is known as a “wet dressing method.” The
conventional “wet dressing method” suffers from many
disadvantages. Some of these include (1) exacerbation of
the hypermetabolic state by increasing caloric deficit and
heat loss, (2) loss of plasma water, serum protein, and
serum electrolytes, (3) maceration of burn wound sur-
faces, (4) increase of the fluid loss by vaporization, (5)
extensive nursing care, and (6) economic loss due to dis-
coloration of bedding, equipment, floors, and walls. With
so many disadvantages, it is little wonder that the art has
searched for an alternate method of treating burns.

It is an object of the present invention to provide aque-
ous gels containing silver ioms, which gels may be effec-
tively employed in the treatment of burns. It is a further
object of the present invention to provide a manner of
employing silver ions in the treatment of burns which
overcomes the disadvantages associated with the conven-
tional “wet dressing method.” Another object of the pres-
ent invention is to provide a transparent aqueous gel con-
taining silver ions which enables a physician to observe
the burn site by direct vision, thus assisting in the deter-
mination of when skin grafting should commence. Still
another object of the present invention is to provide an
aqueous gel containing silver ioms, which gel can carry
normal physiological amounts of electrolytes and fluids,
thus preventing migration of these materials from the
body into the gel. An additional object of the present
invention is to provide an aqueous composition containing
silver jons, which composition gels when warm and lique-
fied when cold. These and other objects of the present in-
vention will be apparent from the specification and exam-
ples which follow.

“Then above objects of the present invention are ac-
complished by. the use of certain polyoxyethylene poly-
oxypropylene block copolymers as a matrix for silver
jons in the preparation of aqueous fel compositions. The
transparent gels so prepared are easily applied and re-
thoved from the wound surface since they are readily
converted to liquids by cooling. Moreover, the gels elim-
inate (1) gradients causing evaporation and caloric defi-
cients, and (2) maceration of tissue in burn site.
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A§ u§ed herein, the term “gel” is defined as a solid or
semisolid colloid containing considerable quantities of
water. The particles in a gel are linked in a coherent
rpeshwork which immobilizes the water. A colloidal solu-
tion with water as the dispersion medium is often called
a “h_ydrosol.” The gels within the scope of the present in-
vention are more specifically “ringing” gels and may be
descr.ibed as gels that have a firm jelly-like consistency;
that is, by tapping the gel lightly it will vibrate and return
to its original configuration.

The compositions of the present invention comprise (1)
a medicative amount of a water-soluble silver salt and
(2) as a matrix therefore, an aqueous gel comprising,
based on 100 parts by weight, (a) from 18 to 50 parts,
preferably from 18 to 25 parts, of a polyoxyethylehe poly-
oxypropylene copolymer and (b) from 50 to 82 parts,
preferably from about 75 to 82 parts, of water. By the
phrase “medicative amount” as used herein is meant the
amount of silver salt which is effective to treat the burn
wound. Generally, this amount is from about 0.1% to
1.0% by weight of silver salt based on the weight of the
water in the gel.

The water soluble silver salts which may be employed
in the preparation of the gels of the present invention are
those silver salts which will dissolve in water at a mini-
mum concentration of 0.1% by weight. Representative
silver salts include silver nitrate, silver acetate, silver sul-
fate, and silver lactate.

The polyoxyethylene polyoxypropylene block copoly-
mers which may be employed in the preparation of the
gels of the present invention may be represented by the
formula

I HO(CyH,0)1,(C3H50) . (C:H,0)H

wherein a is an integer such that the hydrophobe repre-
sented by (C;HO) has a molecular weight of at least
2250, preferably from 2750 to 4000, and b is an integer
such that the hydrophile portion represented by (CoH,0)
constitutes from about 10 to 90, preferably from 50 to
90, weight percent of the copolymer.

The hydrophobe of the polyoxyethylene polyoxypro-
pylene block copolymers of Formula I above is prepared
by adding propylene oxide to the two hydroxyl groups of
a propylene glycol nucleus. By adding ethylene oxide to
the hydrophobe, it is possible to place polyoxyethylene
hydrophilic groups on both ends of the molecule. These
hydrophilic polyoxyethylene groups may be controlled
to constitute anywhere from 10% to 90% of the final
molecule. A more detailed explanation of the preparation
of these block copolymers may be found in U.S. Pat. No.
2,674,619.

Illustrative block copolymers of Formula I above which
may be employed in the preparation of the gels of the
present invention are presented in Table L.

TABLE I
Mol. wt. of Wt. percent  Approx. total
hydrophobe of hydrophile mol. wt. of
Copolymer base (average) (average) of copolymer
2, 250 50 4,600
2, 250 70 7,500
2,250 80 10, 750
2,750 45 4,910
2,750 60 6,450
2,750 80 13, 500
3, 250 35 4,910
3, 250 45 6, 050
3,250 50 6, 550
3, 250 80 15, 500
4,000 15 4,710
4,000 25 5, 340
4,000 35 6, 160
4,000 70 13, 500
4,000 80 20, 000
Not all of the block copolymers of the formula
@ HO(C3H,0)p(CsHe0) o (CoH,0) ,H
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may be employed in the present invention. Because of the
nature of aqueous solutions of these block copolymers,
three variables affect the formation of the gels. Therefore,
it is necessary to recognize certain minima for the three
variables. These variables are:

(1) the weight percent concentration of block copoly-
mers in the gel,

(2) the molecular weight of the hydrophobe (C;HgO),,
and

(3) the weight percent of the hydrophile portion
(CoH,0),, of the copolymer.

These minima define a minimum weight percent concen-
tration of the block copolymer with a specific hydrophobe
having a minimum weight percent of ethylene oxide that
is necessary to form a gel. Thus, at the minimum con-
centration with a specific molecular weight hydrophobe,
a minimum weight percent of ethylene oxide is required
before a specific block copolymer will form a gel in an
aqueous solution. The minimum weight percent concen-
trations with specific molecular weight hydrophobes are
set out in Table IL.

TABLE II
Min. weight Min. weight
Mol. wt. of percent con- percent of Total mol. wt.
hydrophobe centration to  ethylene oxide of block
base form a gel required copolymer
2, 260 40 50 4, 600
2,750 ... 40 45 4,910
2,750._.. 30 60 6, 450
3, 250, 30 35 4,910
4, 000 50 15 4,710
4, 000 30 35 6,160
4, 000 20 70 13, 500

In interpreting Table II, it is apparent that at least a
40% weight concentration of the block copolymer having
a hydrophobe of at least 2,250 molecular weight with at
least about 50 weight percent of ethylene oxide condensed
therewith will be necessary to form a gel in an aqueous
solution. In all cases, the block copolymers above the
minima indicated in Table I will form gels in aqueous
solutions up to 90 weight percent concentration and
higher. Above 90 weight percent concentration, however,
the gels tend to become indistinguishable from the start-
ing block copolymer itself. It is to be understood that the
molecular weight of the hydrophobe may be other than
those illustrated in Table I. Thus, for example, if a hy-
drophobe of about 2,500 molecular weight is used, it is
recognized that a gel may be formed from the block co-
polymer at a concentration of 40 weight percent in an
aqueous solution where about 45 weight percent of ethyl-
ene oxide is present in the block copolymer.

The technical explanation for the formation of the gels
of the invention is not entirely understood, and the ex-
planation hereinafter is not to be considered as being
limitative of the invention. However, the behavior of these
block copolymers in forming the gels is believed to be ex-
plained on the basis of hydrate formation. It may be
speculated that the hydrophobe, because it is different
from the hydrophobe of other types of nonionics, may,
in its own right, immobilize the water independently of
the oxyethylene chain by hydrogen bonding. It is note-
worthy that gel formation occurs at about 70° to 80° F.,
even where the block copolymer contains more than 200
moles of ethylene oxide or over 100 moles per block. It is
also believed that the nature of the block copolymer adds
to this phenomenon., It should be noted that the block co-
polymer used in the gels of this invention exhibits a hy-
drophobe lying between two equal hydrophiles, whereas
nonionics commonly encountered, such as the oxyethyl-
ated fatty alcohols and alkyl phenols, have only one hy-
drophile chain. This difference in structure suggests that a
loose micellar structure is obtained with this class of
nonionics and that gel formation would more readily in-
volve entrapment of free water in addition to water due
to hydrogen bonding.
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The compositions of the invention may be prepared in
either of two ways. The block copolymer may be dissolved
in water cooled to a temperature between 35° F. and 50°
F., and the silver salt slowly added to the cool copolymer
solution. The solution is then allowed to warm to room
temperature whereby a clear ringing gel is formed. Alter-
natively, the silver salt may be added to cold water and
then the block copolymer may be added with good mixing.
Mixing is continued, maintaining the solution temperature
below 50° F. until the copolymer is completely in solu-
tion. At this point, the solution is allowed to warm to
room temperature, whereby a clear ringing gel is formed.

In addition to the silver salts mentioned above, the com-
positions of the present invention may contain other non-
toxic medicaments commonly employed in the treatment
of skin. Illustrative of these medicaments are antibiotics
such as bacitracin, neomycin sulfate; hormones such as
cortisone and hydrocortisone; vitamins, lanolin, glycerine,
and various other oils. ’

The following examples illustrate the nature of the in-
vention. All parts are by weight unless otherwise stated.

EXAMPLE I

A gel composition useful in the treatment of burns was
prepared from the following ingredients:

Parts
Copolymer P oo 21.0
Silver nitrate oo 0.4
Water _ e 78.6

Copolymer P is a 13,500 molecular weight block co-
polymer of Formula I having a hydrophobe average
molecular weight of 400 and a hydrophile constituting
70% by weight of ethylene oxide based on the total
weight of the copolymer.

The gel was prepared by adding Copolymer P to water
at 35° F. and mixing until all of the copolymer had dis-
solved in the water, Silver nitrate was then added to the
cooled solution. The solution was then allowed to warm
to room temperature whereby a ringing gel formed.

The resulting transparent gel composition possessed
anti-burn properties, rendering it effective in the treatment
of burn wounds. Since the composition is readily con-
verted to a liquid by cooling, it can be applied to the
wound surface as a liquid which forms a gel by heat from
the body and surroundings. In addition, this same prop-
erty allows the gel to be readily removed by washing with
cold water. Moreover, no maceration of tissue in the burn
site or vaporization of fluids is observed.

EXAMPLE II

Gel compositions were prepared from the following
ingredients in the manner described in Example I:

(A)

21.0 parts of Copolymer P
0.5 part of silver sulfate
78.5 parts of water

(B)

21.0 parts of Copolymer P
0.5 part of silver acetate
78.5 part of water

©

21.0 parts of Copolymer P
0.5 part of silver lactate monohydrate
78.5 parts of water

All three compositions possess the advantageous prop-
erty of liquefying when cool. Thus, as discussed in Ex-
ample I, they are easily applied and removed from the
burn site. Moreover, all compositions were transparent
gels, thus providing a means of observing the burn site
without removal of a dressing.
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EXAMPLE III

A gel composition useful in the treatment of burn
wounds and containing an antibiotic to assist in the pre-
vention of micro-organism growth on the burn site was
prepared from the following ingredients in the manner
described in Example I:

Parts
Copolymer P oo 21.0
Silver Ditrate — 0.5
Neomycin sulfate .o 0.5
Watlr o e e 78.0

EXAMPLE IV

A gel composition useful in the treatment of burn
wounds and containing a vitamin to enrich the skin was
prepared from the following ingredients:

Parts
Copolymer P e 21.0
Vitamin A oo 0.5
Silver Nitrate - e 0.5
Water - ——— e 78.0

The gel was prepared by adding Vitamin A to Copoly-
mer P and heating to dissolve Vitamin A in the copolymer.
The water was then added and the resulting mixture was
then cooled to 35° F. At this point, the silver nitrate
was added to the cooled solution. The solution was then
allowed to warm to room temperature whereby a trans-
parent ringing gel formed.

EXAMPLE V

A gel composition useful in the treatment of burns is
prepared in the manner described in Example I from
the following ingredients:

Parts
Copolymer K — oo 30.0
Silver Nitrate oo e 0.35
Water —— e e 69.65

Copolymer K is a 15,500 average molecular weight
block copolymer of Formula I having a hydrophobe aver-
age molecular weight of 3250 and a hydrophile consti-
tuting about 80% by weight of the copolymer.

The resulting transparent gel exhibits properties sub-
stantially similar to those described in Example L

EXAMPLE VI

A gel composition useful in the treatment of burns is
prepared in the manner described in Example I from
the following ingredients:

Parts
COopOlymer J oo 40.0
Silver NItrate - oo e 0.3
Water e omcm e —— -—- 597

Copolymer J is a 6550 average molecular weight block
copolymer of Formula I having a hydrophobe average
molecular weight of 3250 and a hydrophile constituting
about 50% by weight of the copolymer.

The resulting transparent gel exhibits properties sub-
stantially similar to those described in Example I.

What is claimed is:

1. A composition comprising an effective amount to
treat a burn wound of a water soluble silver salt selected
from the group consisting of silver nitrate, silver sulfate,
silver acetate and silver lactate monohydrate which will
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dissolve in water at a minimum concentration of 0.1% by
weight and, as a matrix therefor, an aqueous gel consist~
ing essentially of, based on 100 parts by weight,
(a) from 18 to 50 parts of a polyoxyethylene poly-
oxypropylene block copolymer of the formula

HO(C3H;0),(C5HO) o (C;HO) H

wherein a is an integer such that the hydrophobe
represented by (C3HgO) has a molecular weight of
at least 2,250 to 4,000, and b is an integer such that
the hydrophile portion represented by (C.H,0O) con-
stitutes from about 10 to 90 weight percent of the
polymer, and

(b) from 50 to 82 parts of water.

2. The composition of claim 1 wherein the silver salt is

3] . .
silver nitrate.

3. The composition-of claim-1 comprising from about
0.1% to 1.0% by weight of silver salt based on the weight
of the water in the gel.

4. The composition of claim 1 wherein the polyoxy-
ethylene polyoxypropylene block copolymer has an aver-
age molecular weight hydrophobe of from 2,750 to 4,000
and the hydrophile portion of the copolymer constitutes
from 50 to 90 weight percent of the copolymer.

5. The composition of claim 1 wherein the copolymer
has an average molecular weight hydrophobe of from
2,750 to 4,000.

6. The composition of claim 1 wherein the hydrophile
portion of the copolymer constitutes from 50 to 90 weight
percent of the copolymer.

7. A process for the preparation of the composition of
claim 1 which comprises the steps of

(a) dissolving a copolymer of the formula

HO(C,H40)(C3Hg0)a(C.H,0)H

wherein g is an integer such that the hydrophobe
represented by (C3;HgO) has a molecular weight of
at least 2,250, and b is an integer such that the
hydrophile portion represented by (C;H,O) consti-
tutes from about 10 to 90 weight percent of the co-
polymer, in water at a temperature between 35° F.
and 50° F.,

(b) adding a water soluble silver salt selected from
the group consisting of silver nitrate, silver sulfate,
silver acetate and silver lactate monohydrate which
will dissolve in water at a minimum concentration of
0.1% by weight to the cool copolymer solution of
step (a), and

(c) allowing the solution resulting from step (b) to
warm to room temperature whereby a clear gel is
formed.
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